Background and Aims: Platelet-to-lymphocyte ratio (PLR) has been shown to predict prognosis of cancers. We aimed to evaluate the prognostic value of stratification of PLR in patients after curative liver resection (CLR) for hepatocellular carcinoma (HCC). Methods: A total of 1804 patients who underwent CLR for suspected HCC between January 2007 and January 2014 were screened for the study. All of the patients were categorized into equal tertiles according to the number of patients and the distribution of PLR. Prognostic significance was determined for overall survival (OS) and was assessed using Kaplan-Meier analysis. Univariate and multivariate Cox proportional hazard regression analyses were evaluated for association of all independent parameters with disease prognosis. Results: The optimal cut-off points of preoperative PLR were: (T1) 11.98-75.00, (T2) 75.00-113.33 and (T3) 113.33-567.50. There were obvious differences in each PLR tertile with mortality within 36 months of CLR (p log-rank < 0.001). Multivariable analysis suggested that the level of PLR (HR = 1.004, 95%CI: 1.001-1.008, p = 0.006), portal vein thrombosis (HR = 3.406, 
Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality worldwide. Recently, there have been approximately 750,000 new cases of liver cancer reported per year. 1, 2 For men, it is the second leading cause of cancer death worldwide in less developed countries. In more developed countries, it is the sixth leading cause of cancer death among men. 3 At present, based on limitations for a more widespread application of liver transplantation for HCC patients (shortage of donor organs, higher perioperative risk, high cost and long-term immunosuppression), hepatectomy is widely accepted as the first treatment option and provides a radical therapy in patients with early stages of HCC. 4, 5 With appropriate surgical techniques and perioperative management to preserve function of the liver remnant, HCC can be resected safely and with very low operative morbidity and mortality rates. 6, 7 However, some studies have indicated that linked to the high recurrence rate, patients' long-term prognosis after radical resection remains poor. 4, 8 Therefore, it is necessary to monitor patients for progression of HCC by controlling tumor recurrence, ultimately prolonging the survival period in HCC patients after curative liver resection (CLR).
Currently, some studies have shown that genetic, biological aggressiveness and environmental factors are contributory risk factors for the progression and development of HCC. 9, 10 In addition, numerous pathological features have been identified as prognostic indicators for HCC patients, such as tumor burden, the presence of hepatic vascular invasion, portal vein thrombosis, serum bilirubin, C-reactive protein and the elevated serum levels of alpha-fetoprotein (AFP). [11] [12] [13] [14] [15] [16] Previous studies have demonstrated that systemic inflammation is related to poor prognosis and increased tumor progression through up-regulation of cytokines in a variety of cancers. 17, 18 As biomarkers of systemic inflammation, elevated neutrophil-lymphocyte ratio (NLR) and absolute monocyte counts have demonstrated a potential influence for guiding the clinical management of cancer patients. 19 Recently, the platelet-to-lymphocyte ratio (PLR), a marker of systemic inflammation, (ratio of the absolute platelet and lymphocyte counts), has been reported to be associated with the progression of various tumor types, including pancreatic ductal adenocarcinoma, epithelial ovarian cancer, and metastatic renal cell cancer. [20] [21] [22] However, there is conflicting data regarding the ability of predicting prognosis of HCC patients with PLR. 23 Li et al. 24 demonstrated that elevated PLR was associated with aggressive tumor behavior, and can be identified as a poor independent prognostic factor in advanced HCC patients. However, other studies fail to find correlation between clinical outcome and the level of PLR in HCC patients. 25, 26 As such, the current opinion on the prognostic role of PLR for HCC is still controversial, and to date there have been no reports regarding PLR in HCC patients undergoing CLR with stratification in order to predict overall survival (OS).
Therefore, the purpose of this study was to use stratification with preoperative PLR to assess the prognostic impact on OS for patients who underwent CLR for suspected HCC.
Methods

Study design
Data was collected from the First Affiliated Hospital of Wenzhou Medical University clinical database, all patients were sampled consecutively from PLR records for suspected HCC between January 2007 and January 2014.
PLR was defined as the absolute platelet count divided by the absolute lymphocyte count prior and closest to the date of resection as part of the routine preoperative assessment of the patients. Furthermore, in view of the number of patients of this study population and the distribution of the level of PLR with the highest differences before surgery, PLR was further categorized into tertiles to observe whether any reinforced predictive performance could be quantified while maintaining sufficient statistical power in each category.
The written informed consent was obtained from each patient included in the study. The study was approved by the Committee on Ethics at the First Affiliated Hospital of Wenzhou Medical University and was performed according to Standards for the Reporting of Diagnostic Accuracy Studies. A study flow diagram is provided in Fig. 1 .
Exclusion criteria
All cases of suspected HCC were confirmed by post-operative pathology assessment, and the following exclusion criteria were used: (1) previous hepatic resections; (2) distant 27 Tumor characteristics, including portal vein thrombosis, were observed during the surgery, and the number of tumor nodules were ascertained based on CT or MRI scan.
Patients were followed-up every 3 months after surgery and OS was based on the time interval between the date of surgery and death, or the date of surgery and the last follow-up. Information on death was collected from the medical records and the social security death index, as well as from families.
Statistical analysis
Data for continuous variables were expressed in mean ± standard deviation or medians and interquartile range, depending on their distribution in the study population tested by Kolmogorov-Smirnov test. Categorical values were presented as relative frequencies and proportions. Comparisons between stratification were performed using the nonparametric Kruskal-Wallis test or one-way analysis of variance (ANOVA) for continuous variables, and the Pearson's chi-square test or Fisher's exact test for categorical variables as appropriate. A Cox proportional hazard regression was used to calculate hazard ratios (HRs) and 95 % confidence intervals (CIs) associated with OS. Prognostic factors with significant values of p < 0.05 in a univariate analysis were entered into a multivariate analysis, enabling determination of significant effects while adjusting for multiple factors simultaneously. Then, the Kaplan-Meier curves were used for OS rates to compare patients with each stratification, and statistical difference in the survival curves were evaluated using the log-rank test.
In this study, a two-tailed p value of < 0.05 was recognized as statistically significant. All these statistical calculations were performed using SPSS version 18.0 (SPSS, Chicago, IL, USA) and MedCalc version 12.7 (MedCalc Software, Ostend, Belgium).
Results
The 481 patients who underwent CLR for suspected HCC at the First Affiliated Hospital of Wenzhou Medical University between January 2007 and January 2014 consisted of 411 males (85.4%) and 70 females (14.6%). Their mean age was 56.4 years (range, 23-85 years; Table 1 ). Based on distribution of the level of PLR, all of the patients were categorized into equal tertiles, which ensured the most categories with adequate number of patients per category from the range of 11.98 to 567.50 (T1, 160 patients; T2, 160 patients; T3, 160 patients). The cut-off values for this stratification of the PLR into tertiles were: (T1) 11.98-75.00, (T2) 75.00-113.33, (T3) 113.33-567.50.
The demographic and tumor, laboratory and clinical characteristics of the HCC patients involved in this study with PLR tertiles are summarized in Table 1 . Patients with low and high PLR seemed to be similar in regard to laboratory characteristics, except for white blood cells, uric acid platelets, total bilirubin, prothrombin time (PT), prothrombin time activity and INR. The etiology for most of the cases was hepatitis B virus (HBV) (68.4%), followed by superinfection with HBV and hepatitis C virus (16.2%). The majority of patients had a single tumor (87.6%), and higher PLR tertiles were significantly associated with larger tumor diameter when compared with the lower two tertiles (p < 0.001).
Univariate and multivariate analyses by a Cox proportional hazard model were performed to identify independent prognostic factors for OS, as illustrated in Table 2 . The univariate Cox proportional hazards analysis demonstrated that PLR, ascites, PT, albumin, AST, alkaline phosphatase, white blood cells, largest tumor diameter, number of nodules, microvascular invasion, portal vein thrombosis, CLIP score and CTP score (all p < 0.05) were statistically significant prognostic factors for OS.
After extensive univariate analysis, these significant factors were included in the multivariable Cox proportional hazards models, and multivariable analysis identified that the level of PLR (HR = Furthermore, the Kaplan-Meier survival curves of the HCC patients stratified by PLR tertiles demonstrated a higher 5-year OS following CLR (58%) of the lowest PLR tertiles (T1) in comparison to poor outcomes (30%) in the highest tertiles (T3), and each of the tertiles demonstrated a similar difference of OS (log-rank p = 0.016) (Fig. 2) .
Discussion
Postoperative recurrence of HCC is a major barrier for longterm survival for HCC patients after liver resection. 28 Hence, in this study, we established as first the stratification of preoperative PLR levels for the prediction of 36-month survival in patients with HCC after CLR. Based on Kaplan-Meier analysis of OS, the elevated level of PLR was demonstrated to be associated with the poor survival of HCC and high tertiles of PLR were related to poor prognosis.
More than a century ago, the association of cancer and inflammation was demonstrated. 29 However, the mechanism by which the immune response may be triggered via a tumor is complex, 30 and numerous research projects focused on underlying mechanism that associates disease prognosis and tumor inflammation have been undertaken. 17, 31 Recently, accumulative evidence have demonstrated that increased systemic inflammation is associated with poor prognosis in various kinds of cancers, including pancreatic cancer and ovarian cancer. 32 Biomarkers of systemic inflammation such as PLR, elevated NLR, and absolute monocyte counts have a potential role in guiding the clinical management of cancer patients, across a range of malignancies. 19 PLR is a basic marker of systemic inflammation and can be easily obtained from routine blood cell testing. 23 Previous studies have confirmed that a high preoperative PLR was associated with poor prognosis in patients with non-metastatic non-small cell lung cancer, 33 resectable small cell carcinoma of the esophagus and HCC. 24, 34 Additionally, the level of PLR is a widely accepted independent predictor for OS in patients with advanced HCC. 24 We stratified PLR as first to predict prognosis in HCC patients after CLR. We also analyzed whether this could be useful to predict a better performance. We found that the presence of elevated pre-operative PLR was associated with poor survival, which is consistent with the systematic review and clinical trial which reported that a high PLR is associated with worse OS in various solid tumors including HCC. 35, 36 The elevated peripheral blood platelet counts might reflect the tumor-induced systemic inflammatory response. 37 Platelet aggregation and degranulation, along with the consequent Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; g-GT, g-glutamyl transferase; PLR, platelet-lymphocyte ratio; PT, prothrombin time; PTA, prothrombin time activity; AFP, alpha-fetoprotein; INR, international normalized ratio; CLIP, Cancer of The Liver Italian Program; CTP, Child-Turcotte-Pugh.
release of platelet-derived growth factor, platelet-derived proangiogenic mediators, vascular endothelial growth factor and angiopoetin-1, have been verified as important determinants of tumor growth and probably angiogenesis. [38] [39] [40] Previous studies have confirmed that activated platelets impel tumor cell escape from immune elimination by promoting their arrest in the endothelium, thereby causing the secondary lesions. 24, 41, 42 Platelets may also promote the growth and spread of malignancies through non-inflammatory mechanisms, including stimulation of metalloproteinase-9 synthesis, and production of adhesion molecules and growth factors (such as EGF, VEGF, TGFb and PDGF). These studies indicate that platelets may lead to accelerated tumor metastasis and progression in cancers. Therefore, the underlying mechanisms of the interactions of platelet-tumor cells need to be studied more extensively, for the purpose of In recent years, some studies in oncology have explored whether a better effect on disease prognosis can be achieved by stratifying the independent predictor. For instance, Blank et al. 47 categorized AFP into quintiles and created the opportunity to observe differences in outcomes among HBV-HCC patients after surgical resection. And, another study categorized patients into equal tertiles according to their baseline of NLR and PLR, demonstrating that an elevated pretreatment NLR is an independent predictor of both worse overall and disease-free survival in colorectal cancer. 48 In this study, based on the fact that PLR is a widely accepted HCC risk factor, we categorized PLR into equal tertiles to investigate whether any enhanced predictive effect was detected. Consequently, we gained greater confidence in being able to predict clinical outcome. The Kaplan-Meier curve analyses revealed that patients with the highest tertile of PLR (a 5-year survival of 30%) had significantly shorter OS compared to those with the lowest tertile of PLR (a 5-year survival of 58%). These new categories have shown significant and distinct survival outcomes in HCC patients after CLR. We believe it may be helpful in guiding the clinician to predict the prognosis of cancer and in selecting the most appropriate treatment or palliative care to improve survival rate. Hence, our study suggests that the stratification of PLR could independently and reliably predict the disease prognosis for suspected HCC patients after CLR.
This study has several limitations. First of all, the findings include a relatively homogeneous patient cohort and may not be applicable to HCC patients who received other therapies or surgeries. Moreover, additional large-scale clinical research studies are needed to confirm these findings and to evaluate the effect of categorizing PLR on patients who underwent CLR for suspected HCC. Finally, in view of recurrence after resection being an important prognostic factor, we intend to further record more data in the future.
In summary, this study highlights the potential of PLR as an additional prognostic tool and performs for the first time a categorization of HCC patients with preoperative PLR into tertiles, with significantly improved outcomes among HCC patients following CLR. We suggest that clinicians should consider the level of preoperative PLR as a helpful tool to select the most appropriate therapy scheme for their HCC patients.
